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Measurements of Ultrafast Phenomena by a Picosecond Pulse Laser (11) 
- Operation Characteristics of a Saturable Dye -
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The bleaching time or recovery time of saturable absorber dye (NDL1l2) for a Nd3+: 
glass lase w舗 measuredby the pump-probe method with its delayed weak pulse. The 
measurement for low concentration (10-6"，，1Q-5M in dichloroethane) was performed by 
probing the 仕組smissionof the dye cel within the laser cavity， while that for high con-
centration (10-4""1O-3M) w部 doneby probing it out of the lascr cavity. Eitl町 therising 
time or the decay time of the saturable dye w槌 shortenedwith increasing its concen-
tration. However， the transient bleaching behavior does not obey a simple exponential 
characteristics. The sharpened profile nearby the transmission peak may suggest that 
the coherent interaction between the pump and probe pulses shall steepen the bleaching 
behavior of a saturable absorber. The stability of ists operation characteristics was alse 
observed by probing the transmission as a function of the laser shot number. From the 
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Effects of a saturable absorber in laser cavity of length L 
on mode locking. 
(a) Intensity discrimination of the light pulses in the cavity. 
(b) Pulse-width compression of the discriminated pulses. 
(c) Periodic gating of the amplified pulses only just邸帽the
highest開akpulse during one-round-trip time passes through 



























Fig.2. Feedback amplifier with expander. 
(a) Equivalence of Cutler's regenerative pulse generator. 
(b) Laser with a saturable absorber inserted within its feedback 
i nterf erome ter . 
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W(I)=一一 e x p (一一一(1)
く1> く1>
但しく1>は光強度の平均値である。そこで平均値のH倍のピーク強度を持つ確率は、
ーCXJr -nT{T¥.l T _ _ -s P(s)= I W(I)d 1=e 1-' (2) 
"'sく1>
となり、そのピークの現れる時間間隔 τ(s)は、











(b)レーザー媒質の誘導放出断面積 Ua と可飽和色素の吸収断面積 Ub との間に、 σbτ:>Ua T 
の関係が成立することが必要である。ここでτは上準位の綾和時間、 Tは允が共振著書を在復す
る時間である。これはQスイッチが生じるための条件である。
(c) 1/ν〉τであること。 νはレーザ一発振初期におけるスペクトル幅、又 1/ν は発振初
Table 1. Relaxation or bleaching time of various saturable dyes for 
solid state lasers. 
Laser Saturablp Dye Re laxat ion Time I 
Nd3+ Glass Eastman No9740 35 ps a) 
Eastman No9860 6--9ps b) 
Nd3+ YAG 
Eastman No5 2.7ps 
Eastman No3321 く lps d) 
a) Ref. 8). b) Ref. 9). 
c) B.Kopainsky and W.Kaiser; Optics Co剛.笠 (1980)451. 



































9740の緩和時間 τR が 25--35psであることを測定した。また1975年 H.Al.Obaibi 9) は、同じ
Kodak系の色素としてEastman9860のτkが 6--9psであるという結果を得た。これらのポリメ
チン系色素に対して、安定性の面で優れた特性を示すニッケル系色素の緩和時間の測定が、同年に
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Fig.3. Experimental setup for measurements of transient behaviors 
of saturable absorber within laser cavity and of laser pulse 
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F ig.4. Transmiss i on of NDL112 (1. 0 x 10-SM) in dichloroethane as a 
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Fig.5. Transient transmission after bleaching pulse for various 
concentration of NDL112 in dichloroethane; (a) 7XI0-6M， 
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Fig.6. Temporal behavior of transmission characteristics，incident 
intensity (or output laser intensity) and transmitted intensity 
of probe laser as a function of laser shot number for various 
concentration NDL112 in dichloroethane: (a) 7X 10-sM， 
(b)l. 5 X 10-5M，卸d(c) 2.5X10-sM. 
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Fig.7. Laser shot width (or envelope duration of mode-locked pulses 
















10-5Mで、股収飽和の立ち上がり時間 τr は 25ps、吸収回復の減衰時間't'dは50psという値を得
た。濃度を変えた場合 (7X10-6M、1.5X 10-sM、2.5XI0-SM)のそれぞれの特性をFig.5a.b.cに
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Fig.8. Rate of mode locking as a function of laser shot number 
for various NDL112 concentration. 
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Table n. Operation characteristies of saturable dye in glass laser. 
Dye 
Concentration (M) 7 X 1 0-6 
in Dichloroethane 
Rise time τr (pS) 28 
Decay time τd (ps) 90 
Pulse Width τD (ps) 8.7 
Transmission (~) 2 3 
La.ser Shot 1 Shot 500 
width 
(ns) 100 Shot 800 




2 1 1 9 
45 3 5 
8.2 7.8 




















Fig.9. Experimental setup for measurement of transient transmission 
























=ロコ NDL112 3X 10-4 M 
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Fig.l0. Transient transmission of NDL112 (3.0XI0-4M) in 
dichloroethane after bleaching pulse. 
回転準位が一時的に飽和に達するのに要する時間であると考えられる。濃度が高くなると、励起状
態にある分子聞の相互作用が大きくなり、配向緩和時間が長くなって、飽和に達する時間が短くな
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Fig.11. Transient transmission for various NDLl12 concentration， 
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